Abstract: This paper investigates bilateral intra-industry trade between the United States and its major trading partners over the period [1995][1996][1997][1998][1999][2000][2001][2002][2003][2004][2005][2006][2007][2008]. Intraindustry trade (IIT) is decomposed into horizontal (HIIT) and vertical (VIIT) components. HIIT dominates the total two-way trade of the United States and its share relative to VIIT has been rising over time, particularly with neighbouring trade partners and with China. Using pooled panel data, country-level determinants of IIT, HIIT and VIIT are investigated. The results, overall, tend to conform with a priori expectations and provide empirical support for a number of propositions suggested by theory. Findings indicate that the relative similarity of the economies of trading partners, their geographical proximity, FDI and overall market size are important influences on bilateral HIIT flows for the United States. VIIT, on the other hand, is found to be driven in large part by economic differences between partners as well as the market size and closeness of trading partners.
Introduction
A concentration of global trade flows within industries rather than between industries has been observed to be a growing phenomenon for several decades, particularly among developed countries. The resulting simultaneous export and import by a country of products within a particular industry grouping has been called intra-industry trade (IIT) or two-way trade. What has now become a considerable literature on IIT began with work by Verdoorn (1960) and Balassa (1966) observing trade patterns between partner countries in the emerging European Economic Community (EEC). Recent surveys of developments in the IIT area are provided by Greenaway and Milner (2005, 2006) .
Empirical work in the area began to receive growing attention after Grubel and Lloyd (1975) introduced an index that provided an operational measure of two-way trade. A growing weight of evidence has emerged pointing to the fact that IIT becomes relatively more important for a country as development proceeds and is a more intense phenomenon in manufacturing trade between countries at similar levels of economic development (Hummels and Levinshon 1995) . Such observations run counter to the predictions of the factor endowment trade model that deals with explaining inter-industry specialization arising from the expansion of bilateral trade between dissimilar economies.
Seminal work by Krugman (1979) and Lancaster (1980) developed theoretical frameworks which differed from the traditional H-O explanation, introducing models of monopolistic competition that identified increasing returns to scale along with the demand by consumers for varieties of (horizontally) differentiated products as key drivers of IIT. Further theoretical contributions by Helpman (1981) , Eaton and Kierzkowski (1984) and Helpman and Krugman (1985) predicted that similarities in relative per capita income and resource endowments along with country size (given the greater opportunities this presents for scale economies) were expected to be positively related to the share of IIT in a country's total trade.
New international trade models have sought to decompose IIT into horizontal and vertical components. Horizontal IIT (HIIT) refers to two-way trade in products with different actual or perceived attributes (within similar qualities) and has effectively been the focus of those empirical studies which address IIT and which do not explicitly distinguish between the different "types" of two-way trade. Work by Falvey (1981) , Shaked and Sutton (1984) , Flam and Helpman (1987) and Falvey and Kierkowski (1987) provided a theoretical basis for IIT involving two-way trade in products of different quality, so-called vertical intraindustry trade (VIIT). On the supply side, different factor endowments are considered to result in countries specializing in different quality products. Countries with relatively higher capital to labour ratios, for example, are deemed to have comparative advantage in higher-end quality products. This type of trade is viewed as consistent, therefore, with the traditional factor endowment model, but with a focus on different quality goods being traded rather than different goods, per se. On the demand side, relative incomes of consumers will determine demand for different quality goods. Differences in per capita income, therefore, are expected to be positively related to the share of VIIT in two-way trade.
VIIT is also consistent with trade fragmentation or outsourcing, with focus on the production process rather than the end-use characteristic (Thom and McDowell 1999; Lloyd 2004) . The studies of Clark (2006) , Wakasugi (2007) and Leitão, Faustino, and Yoshida (2010) highlight the importance of fragmentation where two-way trade reflects the exchange of intermediate goods at different stages of production. In such cases, differences in relative factor endowments will be important although at sub-industry level rather than at industry level as is the case with inter-industry trade.
Given that different determinants are expected to be at play, the distinction between HIIT and VIIT has become increasingly important in empirical studies. Several recent studies have found that VIIT dominates HIIT in a number of bilateral trade relationships (Faustino and Leitão 2007; Blanes and MartinMontaner 2006; Murshed 2001) , while Fontagne, Freudenberg, and Gaulier (2006) report that the increase in IIT at the world level since the 1980s has been primarily due to the growth in two-way trade of vertically differentiated products. Failure to separate out the different forms of IIT in empirical work is likely to be an important reason why varying results have been evident in econometric analyses of the determinants of two-way trade.
This paper analyses the country-specific determinants of IIT of the United States and its major trading partners in East Asia, Europe and North America over the period 1995 -2008 . Both HIIT and VIIT are investigated. Fontagne, Freudenberg, and Gaulier (2006 have noted that although the largest shares of IIT among trading partners are observed in Europe, the largest flows of bilateral IIT by value are recorded for United States trade with both Canada and Mexico. United States trade with Japan is also reported as having significantly high levels of IIT. In a study covering the period 1996 -2005 , Chang (2009 has found that while VIIT was relatively significant in trade between Asian and European countries, HIIT dominated two-way trade between Asia and the United States. Manufacturing IIT for the United States, meanwhile, has been observed to account for around 70 per cent of the country's total manufacturing trade (Brulhart and Thorpe 2001 ).
An earlier study of the United States by Clark and Stanley (2003) investigated the factors influencing IIT between that country and major industrialized nations, looking at both country-level and industry-level determinants. The study was based on 1992 data and found, contrary to stated expectations, that IIT was positively related to differences in the capital to labour ratios of trading partners. While this result does not conform to the factor endowment-based explanation, it is suggestive that disaggregating the measure of IIT could help shed light on the factors at play. Moreover, their finding that there is no support for a positive link between IIT trade share and scale economies could also be influenced by the measurement of IIT employed. A more recent study by Zhang and Clark (2009) does investigate HIIT and VIIT for the United States with its trading partners. This approach uses industry-level characteristics (based on 1992 data) and country-level determinants (based on 1997 data) to assess the determinants of disaggregate two-way trade in 1997. The study also notes that while IIT dominated United States trade in 1997, the HIIT share of this trade was three times higher than that for VIIT.
This study uses a static panel data approach, employing a fixed-effects model. The structure of the paper is as follows. Section 2 discusses the measurements of intra-industry trade that are employed. This is followed by a descriptive analysis of observed IIT patterns of United States' IIT. Section 4 provides an outline of the country-specific explanatory variables to be included in the analysis and the hypotheses under investigation. The model specification to be employed is also presented in this section, followed by the empirical results in Section 5. We end with some concluding comments.
Measures of intra-industry trade
Several methods have been proposed to disentangle HIIT and VIIT. There are two widely used approaches. One, introduced by Greenaway, Hine, and Milner (1994) , decomposed a Grubel-Lloyd index, while another categorised trade flows and computed the share of each category in total trade (Abd-el-Rahman 1991; Fontagne and Freudenberg 1997; Fontagne, Freudenberg, and Gaulier 2006) . Both these approaches rely on a link between measured unit values and the determined quality of traded products. HIIT is deemed to be present if there is some pre-determined degree of similarity in unit values in the observed two-way trade in a particular disaggregated trade category. Otherwise the two-way trade is viewed as VIIT. Zhang and Clark (2009) and Azhar and Elliott (2006) have highlighted some problems with these methodologies, suggesting among other things, that the measure of VIIT is likely to be inflated.
In an alternative formulation, Thom and McDowell (1999) and Thorpe and Zhang (2005) have focused on the organization of production in a measurement of VIIT. In this approach, two-way trade is considered to reflect the exchange between countries of intermediate goods or a result of trade in components that is matched to some degree by trade in related final goods. In either case, the production process is vertically disintegrated across countries, shaped by comparative advantage.
The present study uses the methodology of Kandogan (2003) for separating IIT into its components. In this methodology, HIIT is defined as the overlapping trade in a broad industry category that consists of two-way trade within narrowly defined industries. VIIT is the balanced trade within a broadly defined industry-class that comprises exports and imports across narrowly defined industries (Bergstrand and Egger 2006) . HIIT and VIIT sum up to overall IIT. Inter-industry trade (INT) is then the unmatched part of total trade (TT). The methodology of Kandogan (2003) is summarized as follows:
This approach calculates IIT, HIIT and VIIT in levels and not the corresponding shares in total trade. These measures are used in the econometric analysis below. In the descriptive discussion of United States' IIT in the next section, we employ normalized aggregated indices of the different measures as follows, where IIT between partners i and j is determined for industry k: HIIT is seen to be particularly important for the United States with its close regional neighbours including Brazil and its NAFTA partners. In the case of Mexico, there has been a small shift towards VIIT, reflecting a sharp rise in investment links between the partners, with more vertical integration of production processes occurring across borders. The relationship with major trading partners in East Asia and in Europe is generally characterised as exhibiting relatively much smaller shares of HIIT. In the case of China, HIIT has become more significant, while becoming much less so for Japan and Korea. The shifting pattern of Unites states' IIT is an important issue for analysis given its observed share in overall trade. As has been observed elsewhere, the fact that different forces are seen as driving HIIT and VIIT has implications for the adjustment costs within a country associated with an expansion in trade (Greenaway, Hine, and Milner 1994; Brulhart and Elliott 2002; Greenaway and Milner 2006) . It is suggested that factors are likely to be less mobile within vertically differentiated industries when compared to horizontally differentiated ones since the skill requirements are considered greater in the former. The greater the expansion of trade that is characterised as HIIT, therefore, the less pressure is expected for factor market adjustment, a reflection of the so-called "smooth adjustment thesis". Further work in this area would be fruitful. 
Econometric model

Explanatory variables and hypotheses
In investigating relationship in the area of international trade, it is often difficult to test and operationalise relationships because of the lack of a generally applicable theoretical model. This is particularly problematic when considering models that assume imperfectly competitive markets and differentiated products because a variety of theories and methodologies can be employed. A particular problem relating to some of the theoretical modeling has been that propositions that have been formulated regarding the likely determinants of IIT have presupposed trade in horizontally differentiated products.
The choice of variables used in testing hypotheses must, therefore, be carefully assessed. Although there is a broad consensus from empirical work as to the country-level determinants of IIT, the consideration of HIIT and VIIT as the dependent variable in econometric analysis requires attention as different forces are likely to be at work.
Drawing on the theory outlined above, and focusing on country specific influences, the following variables have been considered and a number of hypotheses are presented.
The economic differences between the United States and its trading partners are captured in the variable DGD which measures differences in GDP per capita (PPP, in current international dollars) for each bilateral pairing. There exists debate in the literature as to whether such a measure is serving as a proxy for factor endowments or for consumer tastes. Following Helpman (1987) , Helpman and Krugman (1985) and Greenaway, Hine, and Milner (1994) this variable can be considered to reflect relative factor endowments and hence levels of economic development. In this sense then, the greater the difference in per capita incomes the greater will be the opportunity for vertical integration of production across economies and hence VIIT. For HIIT a negative relationship is expected based on the importance of similarity in factor endowments for the ability to produce similar, differentiated products.
In line with Linder (1961) , an overlap in demand patterns as reflected in similarities in per capita incomes across trading partners is expected to create wider markets for the exchange of differentiated products of similar qualities and therefore provide opportunities to exploit scale economies, increasing IIT and HIIT. Differences in tastes, however, will allow for greater trade in products of varying qualities (reflective of VIIT).
Hypothesis 1: There is a negative (positive) relationship between differences in per-capita income and IIT and HIIT, (VIIT).
According to Helpman and Krugman (1985) , the more countries differ in relative size, the less likelihood there is for IIT (and HIIT). Two variables are included to control for relative size effects (Hummels and Levinshon 1995) . MinGDP is a measure of the lower value of GDP for the United States and each partner country, whereas MaxGDP represents the higher value in each such case. Flam and Helpman (1987) have employed a similar specification in a study of NorthSouth trade incorporating vertically differentiated products. Following the literature, the closer trading partners are in terms of their relative (economic) size, the greater is the expected share of both HIIT and VIIT.
Hypothesis 2: There is a positive (negative) correlation between MinGDP (MaxGDP) and IIT, HIIT and VIIT. Lancaster (1980) has shown that the larger the overall market, the greater the opportunities for product differentiation as countries specialise in "niche" segments and achieve economies of scale. Drawing on Helpman (1981) and Balassa (1986) , larger markets also allow more opportunity for trade overlap and a higher and more diverse demand for foreign (differentiated) products. The variable DIM is defined here as the average of the GDP of the United States and that of the trade partner. Looking at the supply side, this variable serves as a proxy to capture the potential for economies of scale and is expected to be positively related to both IIT and HIIT. On the demand side, a larger market suggests that a wider range of qualities will be demanded. Jones and Kierzkowski (2004) and Grossman and Helpman (2005) have posited a positive relationship between economic size and VIIT.
Hypothesis 3: There is a positive relationship between DIM and all IIT measures.
Based on Falvey (1981) (higher) product quality is linked with (greater) capital intensity and as a result countries will specialise in particular qualities of differentiated products based on their relative factor endowments. Lloyd (2004) suggests, therefore, that VIIT can be explained by differences in comparative advantage and the variable INT, a measure of inter-industry trade, is included in line with previous studies to reflect the forces underpinning such differences (Grubel and Lloyd 1975; Kandogan 2003) . A positive relationship is expected between INT and VIIT while the opposite relationship is predicted in the case of IIT and HIIT. The distance between trading partners can be viewed as indicative of relative social and cultural proximity as well as reflecting transport costs. Balassa and Bauwens (1987) and Krugman (1979 Krugman ( , 1980 argue that IIT (HIIT) will be greater the closer geographically are trading partners. Bergstrand and Egger (2006) provide a clear insight into the relationship between the share of IIT and trade costs, providing sound theoretical and empirical evidence to support the tenet that trade costs should negatively impact the share of IIT of a country. Several detailed arguments are outlined in Zhang, van Witteloostuijin, and Zhou (2005) explaining the ways in which geographical distance can impact both VIIT and HIIT. They conclude that proximity is likely to be more important in the case of HIIT. Gray and Martin (1980) have argued that since demand elasticities for differentiated products are relatively high, IIT, effectively HIIT, is likely to be more sensitive to variations in transport costs than IT. The variable DISTxDGDP represents geographical distance between trading partners multiplied by DGDP (between the United States and each partner country). IIT, HIIT and VIIT are all expected to show a negative relationship with this variable.
Hypothesis 5: There is an inverse relationship between DISTxDGDP and all IIT measures.
The relationship between IIT and the level of foreign direct investment (FDI) in a particular industry is somewhat ambiguous as FDI may be a substitute for the trade (Gray 1988) . Markusen (1994) and Helpman (1987) consider that IIT, HIIT and VIIT shares will all be positively associated with a trading partner's FDI inflows. Based on the product life-cycle theory and to the extent that FDI increases the potential for a wider range of products to be produced, then FDI is expected to be positively associated with VIIT. This is particularly likely if the FDI is efficiency-seeking. To the extent that FDI is market oriented then FDI will reduce trade. In the case of HIIT the relationship with FDI is considered indeterminate, and will depend on the type of FDI involved. The variable FDI is a measure of the annual inward FDI flow to the United States from each trading partner.
Hypothesis 6: A positive relationship exists between FDI and VIIT. The relationship between FDI and both IIT and HIIT is indeterminate.
Model specification
In this study, hypotheses are drawn from a wide body of theoretical work using the gravity model that has provided a successful framework for explaining bilateral international trade flows in such circumstances (Anderson and van Wincoop 2004; Hummels and Levinsohn 1995; Anderson 1979) . Darku (2009) presents an excellent, recent review on the standard gravity model. In many areas of applied economics it is difficult test and operationalise relationships because of a single, encompassing model. When dealing with models of imperfect competition and differentiated products this is particularly problematic. McCloskey (1988) provides support for the methodological approach taken here in including explanatory variables from across a number of trade theories.
The analysis of the determinants of IIT as well as its components (HIIT and VIIT) is undertaken using a panel approach. The model specifications considered were pooled OLS, fixed effects (FE) and random effects (RE) estimators. A fixed effects model was selected based on the Hausman test. This choice is supported also by the fact that the data set used captures most of United States' trade with all partners. We take natural logarithms for all variables. Consistent with the hypotheses outlined above, the model is given as:
where: ηi is the unobserved time-invariant specific effects; δ t captures a common deterministic trend and " it is a random disturbance assumed to be normally distributed with ð" it Þ ¼ 0 and Varð" it Þ ¼ σ 2 1 0.
Empirical results
The descriptive statistics for the panel are presented in the Appendix. Fixed effects estimates are reported in Table 2 . The general performance of the three equations is satisfactory. Notes: T-statistics (heteroskedasticity corrected) are in brackets; ***/**/* -Statistically significant, respectively, at the 1%, 5%, and 10% levels; The Hausman test has X 2 distribution and tests the null hypothesis of non-correlation between non-observable individual effects and explanatory variables, as against the alternative hypothesis of correlation between non-observable individual effects and explanatory variables.
Determinants of United States' Vertical and HIIT
Of particular interest are the results of the analysis of the determinants of HIIT and VIIT. What is apparent is that there are differences between the two equations and that these are masked by using a specification which looks only at IIT without any decomposition. The estimates obtained for the second model (HIIT) show that all explanatory variables are significant with exception of LogMaxGDP. The results are very similar to the IIT model estimated, highlighting the earlier observation that the IIT of the United States does tend to be predominately HIIT. The third equation (VIIT) has a lesser number of significant variables with some noticeable differences in sign in some cases.
The variable (LogDGDP) can be considered to capture supply side (relative differences in factor endowments) as well as demand side effects (relative differences in demand patterns). The results obtained are consistent with theoretical predictions. Differences in per capita income across trading partners exhibit a negative relationship with HIIT and IIT, but are positively related to VIIT. This is consistent with Zhang and Clark (2009) who found a similar result in the case of IIT and HIIT in their United States study based on 1997 data; however, they also found a significant and negative relationship for VIIT. The results here also conform to those of Leitão and Faustino (2008) and Helpman and Krugman (1985) who look at IIT, and Greenaway, Hine, and Milner (1994) and Crespo and Fontoura (2004) who distinguish between VIIT and HIIT. The United States' HIIT, therefore, is more likely to be with countries that are more similar in terms of development levels, while the converse is true for VIIT.
The above finding is reinforced by the signs of LogINT. VIIT is found to be positively related to this proxy reflecting the fact that this type of bilateral trade is driven by factors underlying relative comparative advantage. Similar forces are likely to be important determinants of both IT and VIIT. The sign for both IIT and HIIT is negative as predicted.
Following Helpman and Krugman (1985) the study included two variables to control for relative size effects. Of these, the variable (LogMINGDP) has the expected positive sign and is significant in all cases. These results accord with evidence found in Hummels and Levinsohn (1995) and Greenaway, Hine, and Milner (1994) .
The proxy LogDIM that captures the impact of the size of the market in bilateral trade (from both a supply side and demand side perspective) is statistically significant and positively related to all dependent variables. This is as expected and is consistent with evidence from other studies (Umemoto 2005; Chemsripong, Lee and Agbola 2005; Leitão and Faustino 2009 ).
Significant positive relationships are established between the log of FDI and both IIT and HIIT, but there is no significant relationship evident for VIIT. This finding is in line with results by Zhang and Clark (2009) for United States' HIIT and a result from Zhang, van Witteloostuijin, and Zhou (2005) in a study of China's bilateral two-way trade. A positive link between FDI and IIT is also seen in Greenaway, Hine, and Milner (1994) while evidence from Yoshida, while Leitão and Faustino (2009) suggest that bilateral IIT is positively linked with inflows of Japanese FDI into partner countries. In a study of ASEAN trade Hurley (2003) has found a positive link between FDI and VIIT and a negative one with HIIT. Not surprisingly, results from different studies will vary and reflect the nature and type of FDI that pertain to particular situations. The evidence here suggest that significant amounts of United States' FDI is tied in with the offshore production of horizontally differentiated products which are then shipped back to the domestic market. FDI associated with the production of vertically different products for re-export is not seen to have been significant for the United States over the period.
The variable LogDISTxDGDP, has been used as a typical gravity model variable. Numerous studies have found evidence supporting the inverse linkage between geographic distance and IIT (Crespo and Fontoura 2004; Faustino 2009, 2008; Bergstrand and Egger 2006) . A negative relationship was expected in all cases, but significant results have only been found for IIT and HIIT. Zhang and Clark (2009) found similar results in their study of the United States. As noted above, the expectation was that this variable would likely be relatively more important for HIIT (Zhang, van Witteloostuijin, and Zhou 2005) . The impact of United States trading agreements on HIIT with neighbouring countries, including existing and proposed agreements, may be a consideration for further study, particularly with respect to the issue of adjustment pressures (or relative lack thereof) engendered by such trade.
Conclusion
The objective of this paper is the analysis of country-specific determinants of bilateral IIT for the United States over the period 1995-2008. IIT was decomposed into HIIT and VIIT in order to shed light on the nature and pattern of IIT and determine to what extent different forces may be at play in driving United States' two-way trade.
Evidence suggests that two-way trade accounts for more than half of the total trade of the United States and is dominated by HIIT. There is some variability observed in the changes in HIIT and VIIT over the period, but results indicate that HIIT has tended to increase with respect to trade relations with neighbouring countries and with a major trading partner, China. Even where HIIT has fallen as a share of IIT, it remains very significant in most bilateral relationships. With reference to the "smooth adjustment hypothesis" a predominance of HIIT is likely to be accompanied by relatively less factor market adjustment pressures than would be the case with VIIT or IT. This is one area of United States' trade that needs further investigation.
Using pooled panel data the study identifies a number of factors that are significant influences on IIT, HIIT and VIIT. The results overall tend to conform with a priori expectations and provide empirical support for a number of propositions suggested by theory. Findings indicate that the relative similarity of the economies of trading partners, their geographical proximity, FDI and overall market size are important influences on bilateral HIIT flows for the United States. VIIT, on the other hand, is found to be driven in large part by economic differences between partners as well as the market size and closeness of trading partners.
The results highlight the importance in distinguishing between different types of IIT in empirical studies. 
Appendix
